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Most available structures of amyloids correspond to
peptide fragments that self-assemble in extended
cross b sheets. However, structures in which a whole
protein domain acts as building block of an amyloid
fiber are scarce, in spite of their relevance to under-
stand amyloidogenesis. Here, we use electronmicro-
scopy (EM) and atomic force microscopy (AFM) to
analyze the structure of amyloid filaments assem-
bled by RepA-WH1, a winged-helix domain from a
DNA replication initiator in bacterial plasmids.
RepA-WH1 functions as a cytotoxic bacterial
prionoid that recapitulates features of mammalian
amyloid proteinopathies. RepA are dimers that
monomerize at the origin to initiate replication, and
we find that RepA-WH1 reproduces this transition
to form amyloids. RepA-WH1 assembles double
helical filaments by lateral association of a single-
stranded precursor built by monomers. Double
filaments then associate in mature fibers. The intra-
cellular and cytotoxic RepA-WH1 aggregates might
reproduce the hierarchical assembly of human amy-
loidogenic proteins.
INTRODUCTION
Rep proteins constitute a family of DNA replication initiators
found in Gram-negative bacterial plasmids (Giraldo and Ferna´n-
dez-Tresguerres, 2004). Encoded in the Pseudomonas plasmid
pPS10, RepA consists of two ‘‘winged-helix’’ (WH) domains,
WH1 and WH2 (Figure 1A). Although the structure of full-length
RepA has not been solved, those of a dimer of the N-terminal
WH1 domain of RepA (Giraldo et al., 2003) and the full-length
RepE54 monomer, a related replication initiation protein (Giraldo
and Ferna´ndez-Tresguerres, 2004; Komori et al., 1999), have
been used to model RepA (Giraldo and Ferna´ndez-Tresguerres,
2004). Similarly to other proteins in the Rep family, monomers of
RepA initiate plasmid DNA replication, whereas RepA dimers
function as transcriptional repressors at the operator of theStructure 23, 18repA gene (Giraldo et al., 1998). RepA dimers are formed by
the interaction between the N-terminal WH1 domains, as re-
vealed in the atomic structure of a dimer consisting of two
WH1 domains (Protein Data Bank [PDB] ID 1HKQ) (Giraldo
et al., 2003) (Figure 1B), whereas additional evidence indicates
that the WH2 domain drives sequence-specific DNA binding
(Giraldo et al., 1998). Current models propose that the dissocia-
tion of RepA dimers into monomers is promoted by binding to
specific DNA sequences at the plasmid replication origin, elicit-
ing a conformational change that affects the N-terminal WH1
dimerization domain (Dı´az-Lo´pez et al., 2006; Giraldo et al.,
2003). Moreover, complexes involving monomeric Rep proteins,
the specific Rep-binding sites, and a single-stranded DNA from
the AT-rich region at the origin, are critical for the initiation of
plasmid replication (Wegrzyn et al., 2014). Upon completion of
DNA replication, the two resulting plasmid copies remain associ-
ated through their replication origins by a bridge established by a
core of RepAmonomers, which are coupled through interactions
mediated by their WH1 domains (Gasset-Rosa et al., 2008a).
This mechanism (termed ‘‘handcuffing’’) negatively regulates,
through steric hindrance, the firing of premature new replication
rounds (Chattoraj, 2000) (Figure 1A).
A truncated version of RepA that comprises the WH1 domain
only has been shown to assemble as amyloid fibers upon
transient binding to short, specific double-stranded (ds)DNA
sequences in vitro (Gasset-Rosa et al., 2008b; Giraldo, 2007)
(Figures 1A and 1B). The introduction of a single point mutation
(A31V) identified in searches for RepA variants with increased af-
finity for other proteins in the replication machinery, and which
enables pPS10 to replicate in an expanded range of bacterial
hosts (Giraldo and Ferna´ndez-Tresguerres, 2004), enhanced
the efficiency of amyloid formation (Giraldo, 2007). This protein,
RepA-WH1(A31V) (for simplicity, referred henceforth as RepA-
WH1), which as the wild-type formed dimers in solution (Giraldo,
2007; Figure S1 available online), assembled amyloid fibers of
25 nmwidth only in the presence of a dsDNA sequencematching
the spacer between inverted repeats at the repA operator
(Giraldo, 2007) (Figure 1A). RepA-WH1 fibers have been charac-
terized using several methods, including circular dicroism (CD),
X-ray fiber diffraction, and differential spectral absorption upon
binding of Congo red (Giraldo, 2007).
Protein amyloid aggregates are involved in the etiology of hu-
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Figure 1. Structure of RepA-WH1 Dimers
and Amyloid Fibers
(A) Cartoon summarizing the functions of RepA in
initiation of plasmid DNA replication, and Rep-
WH1 in the assembly of amyloid fibers.
(B) Structure of the RepA-WH1 dimer (PDB ID
1HKQ) (Giraldo et al., 2003). The sequence of
RepA prone to acquire a b-structure is highlighted.
Residue A31 is rendered space-filled.
(C) Negatively stained electron micrographs
highlighting the hierarchical assembly of RepA-
WH1. (i) Amyloid fibers growing from seeds made
of purified globular RepA-WH1-mCherry aggre-
gates generated in E. coli cytoplasm (Ferna´ndez-
Tresguerres et al., 2010). A black arrow indicates a
fiber growing from a seed. (ii) RepA-WH1 fibers are
polymorphic, both in terms of thickness and in
their degree of twisting. (iii) Mechanical shearing
in a buffer with reduced ionic strength results in
fraying of fiber ends. Several filaments at the end
of a fiber are highlighted within a box. (iv) Shearing
ultimately leads to dissociation of constituent
filaments (one indicated, black arrow). Image
enlarged respect to (i)–(iii).
(D) CD spectra time-course of unseeded (i) and
seeded (ii) RepA-WH1 aggregation. (ii) The inset
shows the evolution of the ratio between the
ellipticity values at 220 and 208 nm as an estimate
of the preferential increase in b sheet in the sample
seeded with the intracellular, cytotoxic aggregates
of the RepA-WH1 prionoid (continuous line)
compared with the unseeded control sample
(dashed line) (see also Figure S1).
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Structure of RepA-WH1 Amyloid FilamentsWeissman, 2011). Gaining understanding on the structural basis
of amyloid assembly is challenged by their polymorphic nature,
ranging from small soluble oligomers to large fibers (Eichner
and Radford, 2011). Although not directly involved in any human
disease, RepA-WH1 is a good model system to study amyloid
proteinopathies elicited by proteins starting from a properly
folded, compact 3D fold, rather than from intrinsically disordered
states or small peptides (Giraldo et al., 2011). There are notice-
able similarities between the mammalian prion protein PrP and
RepA-WH1, including that both have nucleic acids and lipids
as effectors of amyloidosis (Silva et al., 2010; Wang et al.,
2010; Giraldo, 2007; Gasset-Rosa et al., 2008b; and our own un-
published findings on RepA-WH1). Interestingly, intracellular
RepA-WH1 aggregates cause an amyloid proteinopathy in
E. coli that is propagated from mother to daughter cells, slows184 Structure 23, 183–189, January 6, 2015 ª2015 Elsevier Ltd All rights reservedsignificantly cell division rates, and is
able to seed the growth of amyloid fibers
in vitro (Ferna´ndez-Tresguerres et al.,
2010), recapitulating many of the features
of amyloidosis in yeast and mammalian
cells, including the existence of strain-
like conformational variants (Gasset-
Rosa et al., 2014).
The 3D structures of the peptide cores
of several amyloids have been solved us-
ing X-ray crystallography (Liu et al., 2011;
Ivanova et al., 2009) or solid state nuclearmagnetic resonance spectroscopy (Fitzpatrick et al., 2013),
whereas the structures of large amyloid fibrillar assemblies are
typically solved, at lower resolutions, through single particle elec-
tronmicroscopy (EM) and helical reconstructionmethods (Arranz
et al., 2012; Mizuno et al., 2011). So far, most of the 3D structures
solved for amyloids correspond to assemblies of peptide frag-
ments (Eisenberg and Jucker, 2012), such as Alzheimer’s Ab
(1-40/42) (Fa¨ndrich et al., 2011). However, fibers built on full-
length protein molecules are also amenable to structural ana-
lyses, as for insulin (Ivanova et al., 2009), b2-microglobulin (Liu
et al., 2011), and SOD1 (Elam et al., 2003), or the HypF-N (Cam-
pioni et al., 2012) domain. In those cases in which the amyloido-
genic proteins have stable 3D folds, a relevant issue is whether
the protein molecules acting as building blocks in the crossed-b
sheets undergo a radical unfolding or not, i.e., they partially and
Figure 2. AFM Analysis of RepA-WH1 Fibers
(A) Typical AFM image of RepA-WH1 fibers. There were two populations
according to their heights that were distinguished, and their height profiles
displayed on the right panel (taken in the direction of the arrow).
(B) AFM image of RepA-WH1 fibers disrupted by pipette shearing. Smaller
filaments appear at the end of the fibers with mean heights of 3.9 ± 0.3 nm (see
profile on the right panel). The color scale from dark to bright is 0–30 nm for all
AFM images (see also Figure S2; Table S1).
Structure
Structure of RepA-WH1 Amyloid Filamentstransiently expose just an amyloidogenic peptide sequence for
assembly (Chiti andDobson,2009). Examplesof the former are in-
sulin (Ivanova et al., 2009) and b2-microglobulin (Liu et al., 2011),
whereas SOD1 (Elam et al., 2003) and HypF-N (Campioni et al.,
2012) fit to the latter.
Here, we have used RepA-WH1 to study a mechanism
involved in the assembly of amyloid fibers by stable domains,
using EM and atomic force microscopy (AFM), and we find that
RepA-WH1 dimers have to dissociate into monomers to
assemble helical filaments. These filaments associate into dou-
ble helical structures that further associate laterally into thicker
fibers, whose variable degree of twisting results in structural
polymorphism. RepA-WH1 domain is structurally unrelated to
any protein involved in human disease, but yet, once assembled
as a prionoid, it elicits an amyloid proteinopathy in bacteria (Gas-
set-Rosa et al., 2014; Ferna´ndez-Tresguerres et al., 2010). The
finding that RepA-WH1 recapitulates the hierarchical assembly
of amyloids further qualifies this bacterial prionoid as a relevant
model system to approach the structural basis of amyloid
proteinopathies.
RESULTS
RepA-WH1 Amyloid Fibers Are Assembled by
Association of Filaments
RepA-WH1 amyloid fibers assembled by the hyper-amyloido-
genic mutant A31V can be obtained through binding of a dsDNAStructure 23, 18effector (Giraldo, 2007) or by seeding with purified amyloid
aggregates (Ferna´ndez-Tresguerres et al., 2010) (Figure 1A).
Aggregates of Alzheimer’s Ab (1-40/42) extracted from biological
samples do template in vitro the growth of amyloid fibers with the
very same conformation found in vivo (Lu et al., 2013). Thus, a
similar seeding procedurewas chosen to growRepA-WH1 fibers
for our structural analyses. We first purified RepA-WH1, which
behaved as a dimer in solution (Figure S1). Seeds were obtained
from RepA-WH1 aggregates purified from E. coli. EM revealed
that RepA-WH1 amyloid fibers grew from these globular, proteo-
toxic aggregates (Figure 1Ci), showing various widths and de-
grees of twisting (Figure 1Cii). Mechanical shearing in a buffer
with reduced ionic strength resulted in fraying of fiber ends
(Figure 1Ciii), and ultimately, in dissociation of their constituent
filaments (Figure 1Civ), revealing that fibers were built from the
association of several filament units. We were unable to suc-
cessfully visualize these preparations after vitrification and
observation under liquid nitrogen temperatures (cryo-electron
microscopy [cryo-EM]), since the buffer used for assembly of
the fibers and filaments was not compatible with cryo-EM.
Also, wewere unsuccessful in exchanging this buffer while main-
taining filament integrity.
RepA-WH1 amyloidogenesis and fiber assembly, triggered
using dsDNA, had been characterized before by CD (Giraldo,
2007). In this study, we have explored the kinetics of fiber assem-
bly usingRepA-WH1aggregates asnucleation seeds (Figure 1D).
The experiment revealed that the CD spectrum of RepA-WH1
progressively acquired the typical profile of a protein enriched
in b sheets (a broad ellipticity minimum at circa 215 nm), at the
expense of the a-helical minima (i.e., 208 and 222 nm). This
observation is particularly evident when RepA-WH1 was seeded
with purified aggregates (Figure 1Dii), relative to the spectra re-
flecting the spontaneous long-term aggregation of the protein
(Figure 1Di), which typically renders amorphous aggregates (Gir-
aldo, 2007). In addition, aggregation kinetics (i.e., the rate of in-
crease in ellipticity signal) is speeded-up in the seeded sample.
RepA-WH1 fibers were also analyzed by AFM, which revealed
a clear left-handed helical structure. RepA-WH1 fibers displayed
large heterogeneity in height and length. For each fiber, we
measured the height values for the peaks and valleys, confirming
that fibers were very variable (Figure S2; Table S1). The most
abundant population showed heights of 16 ± 2 nm and 13 ±
2 nm measured at the peak and valley positions, respectively
(Figure 2A, profile 1). The mean pitch size inferred from these fi-
bers was 64 ± 6 nm. A less abundant population of higher fibers
(i.e., those with brighter contrast) was also observed (Figure S2;
Table S1). These fibers displayed approximately twice the height
of the smaller ones, ranging from 20 to 27 nm, with mean values
of 25 ± 2 nm (peaks) and 21 ± 2 nm (valleys) (Figure 2A, profile 2).
We observed a large variability of heights within each population,
and even within a single fiber, suggesting that fibers are
composed of smaller filamentous constituents. The constituent
filaments in each fiber were observed after shearing, as revealed
by EM (Figure 1C). Indeed, AFM images also showed several
short filament-like structures arising from the end of some fibers
(Figure 2B). These filaments were homogeneous in height with a
mean value of 3.9 ± 0.3 nm (Figure 2B, profile 3). We could not
assign any helicity to these filaments since they were often too
short and at the limit of the resolution of the technique.3–189, January 6, 2015 ª2015 Elsevier Ltd All rights reserved 185
Figure 3. 3D Structure of RepA-WH1 Fila-
ments
(A) Negative-staining EM of RepA-WH1 fibers and
filaments. An EM field of fibers on incubation at
day 15 shows a large frayed-fiber (white arrow)
and filaments of different length (black arrows).
Scale bar, 100 nm.
(B) (Top), gallery of images of RepA-WH1 fila-
ments. (Bottom), 2D average images of RepA-
WH1 filaments obtained after reference-free 2D
classification and alignment. Scale bar, 50 A˚.
(C and D) 3D structure of RepA-WH1 filaments.
Left and right panels show the structures of single
filaments (C, blue color) and double filaments
(D, pink color), respectively. In each case, the
structure is also shown as a transparent density
where a model of monomeric RepA-WH1 (Giraldo
and Ferna´ndez-Tresguerres, 2004) has been
fitted.
(E) Zoom image highlighting the density corre-
sponding to a segment of the helix (left panel), in
comparison to the density occupied by the atomic
model of RepA-WH1 monomers (middle panel), or
dimers (right panel) fitted into the EM map (see
also Figure S3).
Structure
Structure of RepA-WH1 Amyloid FilamentsRepA-WH1 Forms Single and Double Helical Amyloid
Filaments
The constituent filaments forming the RepA-WH1 fibers were
sufficiently thin to be studied through single particle and helical
reconstruction methods in EM. These filaments were visible at
the ends of the fibers, but also dispersed across themicrographs
as individual units (Figure 3A). We boxed 19,300 segments along
the isolated filaments in the micrographs, each segment
covering approximately 36 nm in length (Figure 3B). There186 Structure 23, 183–189, January 6, 2015 ª2015 Elsevier Ltd All rights reservedwere 2,277 segments from those fila-
ments at the end of the fibers that
were also extracted, and both sets of
images were analyzed independently.
Images were then aligned and classified
using single-particle image processing
methods to group similar images, obtain-
ing averages with improved signal to
noise ratio (Figure 3B). These averages
revealed several well-defined helical
structures, which could be assigned to
two main subtypes by visual inspection,
which were later found to correspond to
either single or double filaments (Fig-
ure 3B). Within each of these two groups,
averages revealed several degrees of
bending and stretching, an indication of
conformational heterogeneity within the
segments of each filament and/or be-
tween filaments. Importantly, we ob-
served similar averages for the isolated
filaments and those filaments observed
at the ends of fibers, further supporting
that fibers are assembled by the interac-
tion of these simpler units. We thusconcentrated our efforts in the free filaments, which were the
most abundant species in our data set. Images of single fila-
ments were only detected in isolation and never as part of the
fiber ends, which, based on their 3D structure (see below), could
indicate that these single filaments are intermediates in the
pathway for the assembly of the double filaments and the fibers.
We applied the iterative helical real space reconstruction
(IHRSR) method to images of single and double filaments to
resolve their structure (Egelman, 2007). Refinement experiments
Figure 4. A Schematic Model for the Hierar-
chical Assembly of RepA-WH1 Amyloids
Amyloidogenesis starts with the conformational
change elicited by dsDNA ligands on the stable
soluble dimers (dWH1) to become metastable
monomers (mWH1*) or, alternatively, with the
conformational templating by preexisting amyloid
nuclei seeds. Monomers then assemble into single
helical amyloid filaments, which are subsequently
coiled as double helical filaments. Several of them
associate side-by-side, and amyloid fibers are
further twisted to variable degrees.
Structure
Structure of RepA-WH1 Amyloid Filamentsusing images from several classes did not converge, suggesting
that the conformational differences between subgroups were
sufficiently large to hamper alignment in 3D and convergence.
Thus, we applied a variation of the IHRSR method adapted for
highly heterogeneous complexes (Arranz et al., 2012), and which
uses only the homogenous subset of images from each class
average. Each subset was processed independently by applying
helical symmetry as described before (Arranz et al., 2012), and
curved filaments were discarded from this analysis (Figure S3).
The two types of averages described corresponded to either a
single (Figure 3C) or a double filament (Figure 3D). To validate
these structures, we compared the power spectrum of average
images and projections from the 3D structures, which were
found to match (Figure S3) (Egelman, 2007). In addition, projec-
tions of the structures matched better with reference-free aver-
ages obtained for images of the same conformation, compared
to the match with images of slightly different conformations
(Figure S3).
RepA-WH1 Amyloids Consist of Assembled Monomers
RepA forms dimers in solution that convert into monomers upon
activation (Giraldo et al., 2003), and RepA-WH1 is also a dimer
(Figure S1). Thus, an important question was to address whether
monomeric or dimeric units of RepA-WH1 were the constituents
of the filaments. For this purpose, both the single and the double
filaments were segmented into their elemental units, using Uni-
versity of California in San Francisco (UCSF) Chimera and allow-
ing the maximum number of segments (Pettersen et al., 2004).
This unbiased segmentation revealed the units that reconstitute
the whole structure upon repetition using the helical symmetry
(Figure S3). Further segmentation would have generated seg-
ments smaller than a RepA-WH1 monomer, whereas larger seg-
ments would include two parts of the helix related by helical
symmetry. However, in the dimer, two monomers of WH1 are
not related by helical symmetry, but through a pseudo-two-
fold axis (Giraldo et al., 2003) (Figure 1B).
When fitting between the crystal structure of RepA-WH1 into
each segment as defined by EM was attempted (Figures 3C–Structure 23, 183–189, January 6, 20153E), we found that dimers could not fit
the EM structures of single and double fil-
aments since dimers were significantly
larger than the segment. On the other
hand, the structure of a monomer of
RepA-WH1 fitted convincingly within the
EMdensity (single filaments, cross-corre-lation = 0.89 for monomer and 0.84 for dimer; double filaments,
cross-correlation = 0.95 for monomer and 0.89 for dimer) (Fig-
ure 3E). Due to the resolution of our map and the globular shape
of the monomer, the precise orientation of RepA-WH1 within the
EM structure could not be defined unambiguously. For the same
reason, the hand used to represent the structure is arbitrary. To
discard any effect of the segmentation, we also tried to fit the
dimer into the complete filament by searching the match of a
RepA-WH1 dimer within the unsegment structures. We did not
find any high correlation solution further indicating that RepA-
WH1 dimers are not the constituent element of the amyloid fila-
ment. As a whole, these experiments indicated that RepA-WH1
filaments were assembled after the association of monomers,
most likely after some structural distortion increasing their b
sheet content (Giraldo, 2007; Giraldo et al., 2003) (Figure 1D).
DISCUSSION
With the exception of HET-s prion (Wasmer et al., 2008), we still
lack a 3D structure with atomic resolution of any other full-length
protein in its amyloid fibrillary state. Here, we show that RepA-
WH1 assembles single filaments that associate to form double
filaments, which are the building units for the amyloid fibers (Fig-
ure 4). Such association would imply some kind of interlocked
new interactions not present in the single filament. The compar-
ison of the EM structure of these filaments with the atomic struc-
tures and models for RepA-WH1 dimers and monomers (Giraldo
et al., 2003) indicated that dimers were not compatible with the
basic structural unit in RepA-WH1 filaments. Therefore, the
most likely model would be that dimers must dissociate into
monomers that accommodate some kind of distortion in their
path toward amyloid cross-b assembly (Figure 4). RepA-WH1
could be a suitable model system to understand protein amyloi-
dogenesis when starting from a properly folded structure (Gir-
aldo et al., 2011).
The structure of RepA-WH1 amyloid filaments allows for
some speculation about potential mechanisms of regulation of
DNA replication initiation by RepA. Prestanding experimentalª2015 Elsevier Ltd All rights reserved 187
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Structure of RepA-WH1 Amyloid Filamentsevidence on the natural conformational activation of RepA
established that, upon binding to specific dsDNA sequences at
pPS10 replication origin, protein dimers dissociated into mono-
mers (Dı´az-Lo´pez et al., 2006). Dimerization of RepA and RepA-
WH1 occurs through the WH1 domain (Giraldo et al., 2003), and
thus the dimer to monomer transition we observed during amy-
loidogenesis of RepA-WH1 may possibly replicate to some
extent the structural changes occurring in RepA during initiation
of DNA replication. Besides triggering DNA replication through
the subsequent binding to host factors, RepA becomes then ag-
gregation prone in such a way that the replication origins from
two plasmid molecules become handcuffed by ‘‘gluing’’ of
RepA monomers, precisely through their amyloidogenic WH1
domain (Gasset-Rosa et al., 2008a) (Figure 1A). The RepA-
WH1 double filaments described here suggest a possible model
for the association of RepA monomers, but this is unlikely iden-
tical to the functional structure of RepA aggregates in handcuff-
ing. There is only a subtle association between the two strands in
a double filament, and handcuffing seems to be established on
robust intermolecular interactions (Gasset-Rosa et al., 2008b).
But the strong interactions between consecutive monomers
within the single-stranded filaments could be a better candidate
for the structure of handcuffed RepA assemblies.We predict that
the presence of the C-terminal WH2 domain in full length RepA
would limit the extension of amyloid interactions to the pairwise
‘‘transversal’’ association of WH1 domains in the DNA-bound
protein. On the contrary, in the absence of WH2, such as in the
RepA-WH1 prionoid, sterically unrestricted amyloid polymeriza-
tion would lead to the fibers characterized in this work (Figure 4).
We speculate that the irreversible aggregation of full length RepA
protein upon completion of DNA replication, leading to the inac-
tivation of further replication rounds, may mimic an amyloid
assembly.
In summary, we show that the conformational activation of
RepA, which is coupled to monomerization to become an effi-
cient DNA replication initiator, and RepA-WH1 amyloidogenesis,
which results in cytotoxicity, are two distinct events intimately
related with the properties of the WH1 domain. This domain
can switch from dimer to monomer, and it can associate in the
form of large assemblies. The structure of the fibers assembled
by the synthetic bacterial prionoid RepA-WH1 reveals that amy-
loidogenesis in some globular proteins could require dimer-
monomer transitions, and this may be potentially relevant to
human diseases in which the proteins involved have native asso-
ciation states beyond monomers.
EXPERIMENTAL PROCEDURES
Preparation of RepA-WH1 Fibers and Filaments
RepA-WH1(A31V) protein was purified as described (Giraldo, 2007). Amyloid
fibers were assembled in vitro with a slight modification of the established pro-
tocol (Ferna´ndez-Tresguerres et al., 2010; Giraldo, 2007): RepA-WH1(A31V)
protein was seeded with RepA-WH1(A31V)-mRFP aggregates purified from
E. coli cells in 0.1 M Na2SO4, 40 mM HEPES pH 8.0, 5 mM MgSO4, 7% poly-
ethylene glycol (PEG) 4000, and 3% 2-methyl-2,4-pentanediol (MPD). To
detach their component RepA-WH1(A31V) filaments, fibers were diluted 1:3
to 1:10 in water and then sheared.
CD Spectroscopy
RepA-WH1(A31V) was diluted to 15 mM in 0.1 M Na2SO4 and 40 mM Tris$HCl
pH 8, either with or without RepA-WH1(A31V)-mRFP aggregates purified from188 Structure 23, 183–189, January 6, 2015 ª2015 Elsevier Ltd All rigE. coli cells undergoing amyloidosis (Ferna´ndez-Tresguerres et al., 2010).
Crowding agents (PEG 4000/MPD) were omitted from the reactions to gain
clearer spectra, albeit at the expense of slower kinetics. CD spectra were seri-
ally acquired every seven days with a Jasco-720 spectropolarimeter.
AFM
The fiber sample was placed onto pretreated mica sheets (SPI supplies) and
imaged using tapping mode and an AFM from Nanotec (Nanotec Electro´nica).
Only fibers with a visible helicity were measured. Data were represented in the
height histogram and themean value, and the SD obtained for each population
was calculated (Figure S2; Table S1).
EM and Image Processing
Samples were contrasted with 2% (weight to volume [w/v]) uranyl acetate or
2% (w/v) uranyl formate and imaged at a magnification of 415863. 3D refine-
ment was carried out using the IHRSR method (Egelman, 2007), modified to
deal with the heterogeneity of the filaments (Arranz et al., 2012). 3D refinement
was performed only for selected averages with a number of images ranging
from 200 to 350, and each homogenous subgroup was refined independently.
Resolution was estimated as 29 and 28 A˚, for single and double filaments,
respectively. Fitting of RepA-WH1 was performed using UCSF Chimera (Pet-
tersen et al., 2004) after segmentation. The hand selected for representation is
arbitrary. Further details are in the Supplemental Experimental Procedures.
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